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(57)Abstract: 

PROBLEM TO BE SOLVED: To increase opportunity of 
carrying out the diagnosis of abnormality of a variable 
valve timing device which controls the rotation phase 
(advance and delay angles) of a camshaft to a 
crankshaft. 

SOLUTION: When such a state that the changing 
amount per unit time &verbar;TRGCHG&verbar; in the 
target value (target angle VTCRG) of the rotation phase 
is a limit value VTCRUM or below is continued for a 
prescribed time or more, the diagnosis of abnormality is 
permitted to be carried out (S8 to S12). 
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damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] Diagnostic equipment of the adjustable valve timing equipment with which the condition that variation is below a 
predetermined limit value per unit time amount of the desired value of said rotation phase is characterized by performing an 
abnormality diagnosis of this equipment a condition [ having carried out predetermined time continuation ] in the adjustable valve 
timing equipment of the engine of a configuration of changing the rotation phase to a crankshaft. 

[Claim 2] Diagnostic equipment of the adjustable valve timing equipment according to claim 1 with which either [ at least ] said 
predetermined limit value or predetermined time is characterized by being set as adjustable according to engine temperature. 
[Claim 3] Diagnostic equipment of the adjustable valve timing equipment according to claim 1 or 2 with which either [ at least ] said 
predetermined limit value or predetermined time is characterized by being set as adjustable according to an engine speed. 
[Claim 4] Diagnostic equipment of the adjustable valve timing equipment of any one publication of claim 1 characterized by including 
that the engine operation condition and the environment condition fulfill predetermined conditions as abnormality diagnostic 
conditions for this equipment - claim 3. 

[Claim 5] Diagnostic equipment of the adjustable valve timing equipment of any one publication of claim 1 characterized by including 
that said desired value is not a reference value regulated by the stopper as abnormality diagnostic conditions for this equipment - claim 
4. 

[Claim 6] Diagnostic equipment of the adjustable valve timing equipment of any one publication of claim 1 characterized by 
diagnosing that it is abnormal when the condition that the deflection with a value actually separated from the predetermined range with 
the desired value of said rotation phase continues beyond predetermined time - claim 5. 

[Claim 7] Diagnostic equipment of the adjustable valve timing equipment of any one publication of claim 1 characterized by being the 
configuration of changing the rotation phase to a crankshaft by friction damping by electromagnetic brake - claim 6. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the technique of specifying especially the execution condition of an abnormality 

diagnosis, about the abnormality diagnostic equipment in engine adjustable valve timing equipment 

[0002] 

[Description of the Prior Art] The adjustable valve timing equipment of the engine of a configuration of changing the rotation phase of 
the cam shaft over a crankshaft from the former by controlling the rotation delay of a cam shaft to a crankshaft by friction damping by 
electromagnetic brake is known (refer to JP, 1 0- 1 53 1 04,A). 

[0003] In said adjustable valve timing equipment, while calculating the amount of basic control of electromagnetic brake from a target 
rotation phase (target delay angle) and an engine speed, for example The amount of feedback control is calculated from the deflection 
of a target rotation phase and an actual rotation phase, the electromagnetism which calculates a final controlled variable (for example, 
duty controlled variable) from said amount of basic control, and the amount of feedback control, and constitutes electromagnetic brake 
from this controlled variable - he was trying to control the current which flows in a coil 

[0004] As engine adjustable valve timing equipment, the above-mentioned thing of other oil pressure controllers is common. As 
conditions which perform an abnormality diagnosis of this adjustable valve timing equipment (VTC), the desired value (henceforth a 
target include angle) of the rotation phase of the cam shaft over said crankshaft was subject [ to being maintained uniformly beyond 
predetermined time ] conventionally (refer to JP,2000-54870,A). 
[0005] 

[Problem(s) to be Solved by the Invention] With the above-mentioned adjustable valve timing equipment (VTC), since the engine 
operation field for every target include angle was set up comparatively greatly, the opportunity for said abnormality diagnostic 
conditions to be satisfied was securable, but since it was especially set up finely for every operating range with a small target include 
angle with said electromagnetic-brake-type equipment, it is difficult to secure enough the opportunity for diagnostic conditions to be 
satisfied, and possibility that it becomes impossible to complete a diagnosis is high. 

[0006] Even when this invention is made in view of the above-mentioned trouble and the target include angle is set up finely, the 
opportunity for abnormality diagnostic conditions to be satisfied can be secured and it aims at offering the diagnostic equipment of the 
adjustable valve timing equipment which enabled it to complete a diagnosis. 
[0007] 

[Means for Solving the Problem] Therefore, in the adjustable valve timing equipment of the engine of a configuration of that invention 
according to claim 1 changes the rotation phase to a crankshaft, it is characterized by performing an abnormality diagnosis of this 
equipment a condition [ the condition that variation was below a predetermined limit value per unit time amount of the desired value 
of said rotation phase having carried out predetermined time continuation ]. 

[0008] According to invention concerning claim 1, the desired value (target include angle) of said rotation phase is set up finely, and 
only by operational status changing slightly, even when desired value changes, activation of a diagnosis is permitted a condition [ the 
condition that variation was below a limit per unit time amount having carried out predetermined time continuation ]. 
[0009] Sufficient diagnostic opportunity can be secured by this and a diagnosis can be completed. Moreover, invention concerning 
claim 2 is characterized by setting either [ at least ] said predetermined limit value or predetermined time as adjustable according to 
engine temperature. According to invention concerning claim 2, since it changes with the engine temperature which affects the 
operating characteristic of adjustable valve timing equipment, the conditions which can diagnose with a sufficient precision can raise 
accuracy by setting either [ at least ] the predetermined limit value which judges diagnostic authorization conditions, or predetermined 
time as adjustable based on this engine temperature. 

[0010] Moreover, invention concerning claim 3 is characterized by setting either [ at least ] said predetermined limit value or 
predetermined time as adjustable according to an engine speed. According to invention concerning claim 3, like engine temperature, 
since an engine speed also affects the operating characteristic of adjustable valve timing equipment, accuracy can be raised by setting 
either [ at least ] the predetermined limit value which judges diagnostic authorization conditions, or predetermined time as adjustable 
based on this engine speed. 

[001 1 ] Moreover, invention concerning claim 4 is characterized by including that the engine operation condition and the environment 
condition fulfill predetermined conditions as abnormality diagnostic conditions for this equipment. According to invention concerning 
claim 4, accuracy is securable when the engine operation condition and environment condition which affect diagnoses, such as an 
engine speed, engine temperature, and battery voltage, include fulfilling predetermined conditions as abnormality diagnostic 
conditions for this equipment. 

[0012] Moreover, invention concerning claim 5 is characterized by including that said desired value is not a reference value regulated 
by the stopper as abnormality diagnostic conditions for this equipment. Since according to invention concerning claim 5 it is in the 
condition that control of energization, oil pressure, etc. is not performed substantially when desired value is a reference value regulated 
by the stopper and cannot diagnose, accuracy is securable by excepting from diagnostic conditions. 

[0013] Moreover, invention concerning claim 6 is characterized by diagnosing that it is abnormal, when the condition that the 
deflection with a value actually separated from the predetermined range with the desired value of said rotation phase continues beyond 
predetermined time. When the condition that the above-mentioned deflection separated from the predetermined range continues 
beyond predetermined time as one example of a diagnostic method according to invention concerning claim 6, since the delay of 
convergence to desired value is large, it can be diagnosed that it is unusual. 

[0014] Moreover, invention concerning claim 7 is characterized by being the configuration of changing the rotation phase to a 
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crankshaft by friction damping by electromagnetic brake. If, as for this invention, desired value is set up finely according to invention 
concerning claim 7, even if it applies to a hydraulic adjustable valve timing control device, effectiveness is acquired, but since desired 
value is finely set up also in the present condition, especially the thing of an electromagnetic-brake type is effective. 
[0015] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained below. Drawing 1 is the sectional view of the 
adjustable valve timing equipment using the electromagnetic brake in the gestalt of operation, and drawing 2 is a decomposition 
perspective view. In the adjustable valve timing equipment 1 shown in drawing 1 and drawing 2 , bearing of the pulley (or sprocket) 2 
is carried out to **** of the edge 113 of the cam shaft 1 10 supported pivotable to the cylinder head 120 pivotable. a pulley 2 - a cam 
shaft 1 10 - receiving - relativity - bearing is carried out pivotable, and rotation of an engine crankshaft is interlocked with and it 
rotates. 

[00 1 6] On the production of the edge 111 of a cam shaft 1 1 0, the transfer member 3 by which a gear is formed in **** is fixed with a 
bolt 3 1 , and rotation of a pulley 2 is told to the transfer member 3 through the transfer device in which it explains below. The tubed 
drum 41 which has a flange is formed in a cam shaft 1 10 and the same axle, and the coiled spring 42 energized in the direction to 
which the rotation phase of a drum 41 is advanced is infixed between this drum 41 and pulley 2. That is, the case member 44 is fixed 
to a pulley 2, the periphery side edge section of coiled spring 42 is fixed to the inner skin part of this case member 44, and the inner 
circumference side edge section of coiled spring 42 is being fixed to the peripheral face of a drum 41 . 

[001 7] Moreover, the gear 32 formed in **** of the transfer member 3 and the gear 433 formed in the inner circumference of the 
tubed piston member 43 mesh according to the helical device by the helical gear. The engagement section 43 1,431 is projected and 
formed in two places which the peripheral face of the piston member 43 counters, and said engagement section 431,431 is being 
engaged between the claw part material 21 and 21 which has extended from the center-of-rotation part of a pulley 2 to the shaft 
orientations of a cam shaft 1 10. By this engagement, the piston member 43 and a pulley 2 are in phase, and rotate. 
[001 8] The male screw 432 centering on the shaft of the piston member 43 is formed respectively, the female screw 41 1 is formed in 
the inner skin of a drum 41, and these both **** in said engagement section 431,431 of die piston member 43, and have geared 
according to an operation in it. The drum bearing member 45 is infixed between the periphery of the transfer member 3, and the inner 
circumference of a drum 41, and carries out bearing of these both relative rotation. Between mis drum bearing member 45 and the 
inner skin of a drum 41 , pawl receiving part material 7a is infixed. 

[0019] This pawl receiving part material 7a was supported by the inner skin of a drum 41, contacted the steps 22 and 22 currently 
formed in the peripheral face side of the point of the claw part material 21 and 21, and has stopped the claw part material 21 and 21 in 
the direction of a path of a cam shaft 1 10. The Taira gear 461 of an internal tooth was formed in that center-of-rotation part, and the 
drawn in member 46 has geared on the Taira gear 33 currently formed in the point of the transfer member 3 at this gear 461. Thereby, 
the drawn in member 46 of the drawn in member 46 and the transfer member 3 is in phase, and is rotated while being constituted by 
the shaft orientations possible [ sliding ] to the transfer member 3. 

[0020] It is made for the drum 41 and the drawn in member 46 to have engaged with the hand of cut because stand face to face against 
the gear 463 which a gear 413 is formed in the side face for a flange 412 of a drum 41, and is formed in one field 462 of the drawn in 
member 46 and both this gear meshes, the 1 st electromagnetism — solenoid 5b and the 2nd electromagnetism — solenoid 5a is 
arranged through the bearing member 6 so that the axis line of a cam shaft 1 10 may be surrounded, and the peripheral face of the bolt 
3 1 which is fixing the transfer member 3 currently fixed to the edge 111 of a cam shaft 1 10 and this transfer member 3 may be 
surrounded. 

[0021] that is, a spacing member 47 carries out fitting immobilization between the head 311 of a bolt 31, and the point of the transfer 
member 3 - having -****-- the periphery side of this spacing member 47 - the 2nd electromagnetism - solenoid 5a is arranged 
through the bearing member 6 between spacing members 47. further - the 2nd electromagnetism — the 1 st electromagnetism which 
constitutes electromagnetic brake in the periphery side of solenoid 5a and the drawn in member 46 - solenoid 5b is arranged, the 2nd 
electromagnetism - solenoid 5a is being fixed to the case 8 by bolt 51a. 

[0022] Next, an operation is explained, in order to change the rotation phase of a cam shaft 1 10 into a tooth-lead-angle side - the 1st 
electromagnetism - it carries out by moving the piston member 43 to the shaft orientations of a cam shaft 1 1 0 by the field which 
solenoid 5b generates, namely, - first - the 2nd electromagnetism - the drawn in member 46 is attracted by the generating field of 
solenoid 5a, the gear 463 of the drawn in member 46 and the gear 413 of a drum 41 separate, and a drum 41 enables it to rotate 
relatively to a pulley 2 

[0023] and the 1st electromagnetism — attracting a drum 41 by the generating field of solenoid 5b — a drum 41 — the 1st 
electromagnetism - it pushes against the end face of solenoid 5b, and friction damping is made to act Thereby, a drum 41 resists the 
energization force of coiled spring 42, it produces rotational delay to a pulley 2, and the piston member 43 which carries out relative 
rotation, ****s with **** 41 1 , and has geared by 432 moves it to the shaft orientations of a cam shaft 1 10. Since the transfer member 
3 has geared with the piston member 43 according to the aforementioned helical device, if it lengthens transfer member 3, it will 
change the rotation phase of a cam shaft 1 10 to a tooth-lead-angle side to a pulley 2 by migration of the piston member 43. therefore, 
the 1st electromagnetism - the rotation phase of a cam shaft 1 10 will be changed into a tooth-lead-angle side, so that the current value 
to solenoid 5b is increased and the damping force (sliding friction) which resists the energization force of coiled spring 42 is increased. 

[0024] as mentioned above, the damping force the rotation phase of a cam shaft 1 10 changes to a pulley 2 (crankshaft) with the 
amount of rotational delay of the drum 41 decided according to the damping force by electromagnetic brake, and according to said 
electromagnetic brake — the 1 st electromagnetism -- it is being controlled by carrying out duty control of the current value supplied to 
solenoid 5b, and changing said duty ratio, and the variation (the amount of tooth lead angles) of a rotation phase can be controlled 
continuously, in addition, increase of the duty value (%) equivalent to the controlled variable of electromagnetic brake — responding - 
said 1st electromagnetism - the current value supplied to solenoid 5b shall increase 

[0025] Drawing 3 is the block diagram showing the control system of the adjustable valve timing equipment of the above-mentioned 
configuration, said 1 st electromagnetism - solenoid 5b and the 2nd electromagnetism - to the control unit 511 which builds in the 
microcomputer which controls the energization to solenoid 5a An engine inhalation air content The detecting signal from the air flow 
meter 5 1 2 to detect, the crank angle sensor 5 1 3 which detects crank rotation, the coolant temperature sensor 514 which detects an 
engine circulating water temperature, the OAT sensor 5 1 5 which detects an OAT, and cam sensor which detects cam rotation 516 
grade is inputted. 

[0026] And said control unit 51 1 the 1st electromagnetism - if duty control of the energization of solenoid 5b is carried out, the 
rotation phase of a cam shaft 1 1 0 is changed and it is in agreement with a target rotation phase — the 2nd electromagnetism — by 
intercepting the energization to solenoid 5a the gear 463 of the drawn in member 46, and the gear 413 of a drum 41 — engaging - a 
drum 41 - a pulley 2 - receiving - the phase condition at that time — fixing - the 1st electromagnetism - the energization to solenoid 
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5b is intercepted. 

[0027] An abnormality diagnosis of the adjustable valve timing equipment controlled as mentioned above is performed as follows. 
Drawing 4 and drawing 5 are the flow charts of the routine concerning this invention which distinguishes the success or failure of 
abnormality diagnostic execute permission conditions. In drawing, the various service conditions detected by said each sensor are read 
at step 1 . 

[0028] At step 2, when it judges whether an engine speed Ne is in the predetermined range (NeL<=Ne<=NeH) and is in the 
predetermined range, it progresses to step 3. At step 3, when it judges whether Tw is in the predetermined range whenever [ engine- 
coolant water temperature ] (water temperature) (TwL<=Tw<=TwH) and is in the predetermined range, it progresses to step 4. At step 
4, when it judges whether battery voltage VB is in the predetermined range (VBL<=VB<=VBH) and is in the predetermined range, it 
progresses to step 5. 

[0029] At step 5, it judges whether the diagnostic result in an open circuit of the signal of said cam sensor 516 and a short diagnosis is 
O.K., and progresses to step 6 at the time of O.K. At step 6, it judges [ the criteria location where the target include angle VTCTRG is 
regulated by the stopper, and ] whether it is specifically 0 (the maximum lag location), and when it is not a criteria location, it 
progresses to step 8. 

[0030] At step 7, the rate of change TRGCHG of said target include angle VTCTRG is computed like a degree type. 
At the target include-angle VTCTRG step 8 10ms before TRGCHG=| VTCmG- VTCTRGz| VTCTRGz: , limit value VTRLIM used as 
the threshold of the diagnostic authorization conditions of the target angular rate TRGCHG is set up based on water temperature Tw 
and an engine speed Ne. 

[0031] At step 9, it judges whether the absolute value of the rate of change TRGCHG of the target include angle VTCTRG computed 
at said step 7 is said below limit value VTRLIM, and it progresses to step 10 at the time of below limit value VTRLIM, and it counts 
up a timer. At step 1 1 , said timer counted value judges whether the predetermined value CLERTIM was reached. 
[0032] And when timer counted value makes activation of an abnormality diagnosis disapproval at step 13 and reaches the 
predetermined value CLERTIM until it reached the predetermined value CLERTIM (i.e., when the absolute value of the rate of change 
TRGCHG of the target include angle VTCTRG is maintained beyond predetermined time below at said limit value VTRLIM), it 
progresses to step 1 2 and activation of an abnormality diagnosis is permitted. 

[0033] If the rate of change of a target include angle is maintained beyond predetermined time below at the predetermined value even 
when doing in this way, and a target include angle is set up finely and a target include angle changes by slight change of operational 
status, a diagnosis is permitted and a diagnostic opportunity can be secured. An abnormality diagnosis is performed when the above- 
mentioned diagnostic authorization conditions are satisfied. Drawing 6 is the flow chart of abnormality diagnostic routine. 
[0034] In drawing, the target include angle VTCTRG set up based on an engine speed Ne and the basic fuel oil consumption Tp which 
is the central value of a load is read at step 21. At step 22, the real include angle (actual rotation phase of a cam shaft) VTCNOW is 
read based on the signal of said cam sensor 5 16. At step 23, the deflection ERROR of the target include angle VTCTGR and the real 
include angle VTCNOW (the amount of errors) is computed like a degree type. 

[0035] At the VTCTGR- VTCNOW step 24, it judges whether said deflection ERROR is in predetermined within the limits 
(OFAGB<=ERROR<=OFAGF). Although a diagnostic result is set to O.K. at step 25 when deflection ERROR is in predetermined 
within the limits, it judges whether when it separated from the predetermined range, the timer was counted up at step 26, and this 
counted value reached the predetermined value CNGDLY at step 27. 

[0036] And when counted value reaches the predetermined value CNGDLY (i.e., when the condition that deflection ERROR separated 
from the predetermined range becomes beyond predetermined time), it progresses to step 28 and a diagnostic result is set to NG 
(abnormal), in addition, the 2nd electromagnetism above as an electromagnetic-brake-type adjustable valve timing control unit — it 
does not have a lock device by the solenoid, but there is also a thing of a configuration of always energizing electromagnetic brake and 
carrying out duty control, and this invention can be applied also to the thing of this configuration. Moreover, it is applicable also to a 
hydraulic adjustable valve timing control unit. 

[Translation done.] 
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3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the adjustable valve timing equipment in the gestalt of operation. 

[Drawing 2] The decomposition perspective view of the adjustable valve timing equipment in the gestalt of operation. 

Prawing 3] The block diagram of the adjustable valve timing equipment in the gestalt of operation. 

[Drawing 4] The flow chart which shows the preceding paragraph of the routine concerning this invention which distinguishes the 
success or failure of the abnormality diagnostic execute permission conditions in the gestalt of operation. 

[Drawing 5] The flow chart which shows the latter part of the routine concerning this invention which distinguishes the success or 
failure of the abnormality diagnostic execute permission conditions in the gestalt of operation. 
[Drawing 6] The flow chart of the abnormality diagnostic routine in the gestalt of operation. 
[Description of Notations] 

1 — Adjustable valve timing equipment 

2 - Pulley 

3 — Transfer member 

the 5a— 2nd electromagnetism — a solenoid 
the 5b— 1st electromagnetism - a solenoid 

4 1 — Drum 

42 — Coil spring 

43 — Piston member 
46 -- Drawn in member 
110 -Cam shaft 

120 -Cylinder head 

5 1 1 — Control unit 

512 - Air flow meter 

5 1 3 — Crank angle sensor 

5 14 — Coolant temperature sensor 
5 1 6 — Cam sensor 



[Translation done.] 
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